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[57] ABSTRACT 

The invention concerns oxidised aluminium or aluminium 
alloy pigments having a content of metallic aluminium of 
not more than 90% by weight with respect to the total 
weight, wherein the pigments are colored, flake-like, shiny 
and non-agglomerated, a process for the production thereof 
and use thereof as special-effect pigments and as base 
pigments for further colouring with organic or inorganic 
color pigments. 

28 Claims, 1 Drawing Sheet 
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OXIDIZED COLORED ALUMINIUM hydrolysis of an organic titanate ester compound. Various 

PIGMENTS, PROCESS FOR THEIR colour shades can be achieved by varying the thickness of 

PRODUCTION AND THEIR USE the oxide layer. For that purpose it is necessary to observe 
accurately controlled reaction conditions such as pH-value 

BACKGROUND OF THE INVENTION 5 and the rate of adding material by dropping. In order to 

, c- ij f t u i »■ achieve colour effects, it is also necessary to perform a 

1. Held ot me invention calcination operation which however can only be carried out 
The invention concerns coloured oxidised aluminium wi{h difficultV; because of tne low melting point of ahl . 

pigments, a process for the production thereof and use minium. 

thereof - _ 10 U.S. Pat. No. 4,978,394 describes the production of 

2. Description of the Prior Art titanium dioxide -coated aluminium pigments by chemical 
Aluminium pigments are used widely in coatings as vapour deposition (CVD) which is technically highly expen- 

special-effect pigments. The term special-effect pigments is s i ve . 

used to denote pigments which have a directed reflection at u § Pat No 4j58 ; 074 discloses the production of 

oriented, metallic or highly light-refractive particles of a 15 co i oure d aluminium pigments by coating with a film of 

predominantly flat configuration (German Standard DIN hydrated metal oxide. The film is produced by the treatment 

5594). They are always of a plate-like or flake-like configu- of fine a-lximinium flakes or plate portions in an alkaline 

ration and have very large particle diameters compared with solution of an iron, nickel, cobalt, zinc or copper salt at 

dye pigments. Their optical properties are determined by elevated temperature by electrochemical reaction of the 

reflection and interference. Depending on transparency, 20 meta i sa i te 

absorption, thickness, single-layer or multi-layer structure, y § pa{ Nq 5 261;955 discloses a sol-gel process for the 

the special-effect pigments exhibit a metallic shine, a pearl duction of co i oure d metal pigments, wherein the metal 

shine, interference or interference reflection. The main area flakeg are dispersed m a sol of an inorganic sa i t , dispersed 

of use is in cosmetics and the automobile sector, and in after filtration in a of an inorganic compound, for 

addition in colouring plastic materials, paints, leather is c k mtrate> m an organic solvent and finally a 

coatings, the printing industry and the ceramic industry. (For { {& formed Qn ^ flakeg by neating 

^^T'TT^ ° n °l In accordance with DE 1 95 01 307.7 (Eckart-Werke) 

see W. Ostertag, Nachr. Chem. Tech. Lab. 1994, 9, 849). aluminium { te can be coloured in a very wide range 0 f 

The aluminium pigments which are most frequently used different colour shades such ag for example ^ red> violet 

are aluminium flakes or pigments based on flake-like Cu/Zn- 30 ^ d ^ . n accor(Jance with a process which is simple from 

alloys and coated mica flakes, wherein aluminium pigments ^ . t of vigw of [he apparatus used> by the controlled 

exhibit a typical metal shine whereas coated mica flakes hydrolysis of meta i acid esters m the presence of colour 

exhibit a typical pearl shine. pigments in an organic solvent. 

In recent years the need for coloured special-effect pig- JP . A -61-130375 discloses a gold-coloured aluminium 

ments has increased greatly. Therefore for example oxide- . duced b the treatm ent of aluminium powder 

covered copper and brass flakes, substrates which are coated ^ dichromate; fluoride and surface-active agents 

with transition metal oxides such as muscovite, phlogopite ^ ^ d mg and treatment with a fatty acid 

or glass, guanine single -crystals (fish silver), BiOCl-single derivative Colour shades other tha n gold cannot be 

crystals, flake-form haematite single-crystals, flake-form achieved ^ [hat ss In addition , he toxidty of the 

phthalocyanines, micronised titanium dioxide, polished lalu- chemicals used and their high price represent a major 

minium shot, iron oxide or crushed thin multi-layer films disadvantage of the process . 

with a Fabry-Perot-structure were used as special-effect ^ ^ ^ 3fi67fi 52 describes coloured aluminium 

pigments. pigments which are produced by the oxidation of aluminium 

In comparison, by colouring aluminium pigments it is ^ owder with KMn0 4 -solution, possibly with the addition of 

possible to produce coloured pigments with improved cov- a reducin t shade of these p i gm ents is 

ering capabihty, compared with pearl shme pigments, and ^ possibly also with a greenish or reddish shade, 

good colouristic options. In that respect, the colouring action dependmg on the respective reducing agent used. In this case 

is produced either by fixing colour pigments by means of ako ^ toxid of ^ oxidising agent has a detrimental 
polymers, by coating with oxides of different metals using a ^ e jf ecI 

very wide range of different processes by coating with a g aluminium 

colour pigment-bearing oxide layer or by oxidation^ ^ J ^ d ^ or ^advantageous 

In accordance with U.S. Pat. No. 4,328,042 and EP-A-0 q{ ^ to)dci q{ ^ ^ used 
033 457 aluminium flakes are coloured by the deposition ot 

iron oxide from iron pentacarbonyl, using a technically very 5J SUMMARY OF THE INVENTION 

expensive fluidised bed process. That procedure gives rise to Therefore the object of the present invention is to provide 

gold-coloured aluminium pigments. coloured aluminium pigments of different colour shades 

In accordance with U.S. Pat. No. 5,037,475 colour pig- with a good shine and a high level of colour intensity, which 

ments are fixed on the metal surface by carboxyl group- can be produced in a very simple, technically inexpensive 
bearing polymers. The pigments obtained however have fi0 manner by the use of harmless reagents, 

only a low level of colour intensity. That object is attained by oxidised aluminium or alu- 

Aluminium pigments are coloured in accordance with minium alloy pigments with a content of metallic aluminium 

WO 91/04293 (PCT/US90/05236) by the fixing of polymer- of not more than 90% by weight with respect to the total 

coated colour pigments on the metal surface by means of weight, which are distinguished in that the pigments are 
electrostatic forces. 65 coloured, flake-like, shiny and non-agglomerated. 

In accordance with EP-A-0 238 906 metal pigments are A further aspect of the invention lies in a process for the 

covered with a titanium dioxide layer by the controlled production of the coloured oxidised metal pigments by the 
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oxidation of flake-like metal pigments at a pH of from 7 to 
12 in a mixture of water and one or more water-miscible 
solvents, wherein the proportion of water in the mixture is 
from 3 to 60% by weight with respect to the mixture, 
characterised in that the amount of water with respect to the 
metal is from 10 to 120% by weight, preferably from 15 to 
55% by weight. 

The invention further concerns the use of the oxidised 
coloured pigments as special-effect pigments and the use 
thereof as base pigments for coating with colour pigment- 
bearing oxide layers in accordance with the process dis- 
closed in DE 1 95 01 307.7. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a colour space classification graph, showing 
measured luminance [L*] and colour location [H*] as a 
function of strength of colour [C*] for pigments according 
to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
The oxidation of aluminium pigments in aqueous media 
usually takes place in a very highly exothermic fashion in 
accordance with the following equation, because of the large 
surface area of the pigments: 

2Al+(3+n)H 2 0 - - - AljCVnHjO+SHj, 

wherein the pigments are completely oxidised, with loss of 
the pigment properties. 

Initial investigations in regard to colouring aluminium 
pigments by controlled oxidation in boiling alcohol disper- 
sions and regarding the reaction mechanism involved in 
oxidation are already described in L. J. Virin, Zurnal priklad- 
noj chimii 32, No.5, 1050. In accordance with Virin, oxi- 
dation is effected in solvent mixtures with from 20 to 35% 
by weight proportion of water relative to the mixture. In that 
process the amount of water with respect to aluminium is 
from 400 to 700% by weight. The starting material used is 
a very coarse (12000 cm 2 /g) stearic acid-coated leafing 
aluminium pigment which must be substantially degreased 
prior to the oxidation operation using acetone in an expen- 
sive procedure. This process cannot be used in a practical 
context however as, under the described conditions, only 
aluminium pigments with a matt grey to grey-brown colour 
are obtained, and those pigments are also so heavily agglom- 
erated that they cannot be used as special-effect pigments. 

It was now found that under specific conditions colouring 
of aluminium pigments is nonetheless surprisingly possible 
by virtue of controlled oxidation in aqueous alcohol solu- 
tions without the pigment particles agglomerating, with the 
loss of the pigment properties. The pigments according to 
the invention therefore have attractive colour shades with a 
high metal shine which is comparable to or even better than 
that of the initial pigments. The pigments according to the 
invention exhibit colour shades in the range from light-gold, 
nickel, gold, dark-gold to bronze and an excellent shine. 

With increasing oxide content, the surface of the pigment 
flakes or plates usually becomes rougher, and in parallel 
therewith the pigments lose their metal shine and the colour 
tends towards matt, grey to grey-black shades. Conventional 
aluminium pigments for decorative purposes therefore gen- 
erally have a metal content of about 95 to 98% by weight. 
Aluminium pigments for technical areas of use, for example 
for the production of porous concrete, fireworks or explo- 
sives typically lie between 95 and 85% by weight, in regard 
to metal content. Only pigments of lower quality have an 
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even lower metal content, in exceptional cases. Surprisingly, 
the pigments according to the invention however exhibit 
excellent metal shine, with a metal content of about 20 to not 
more than 90% by weight. This is to be attributed to the fact 

5 that, in the production process according to the invention, in 
an oxidative shining procedure, grey very fine components 
which are present in the starting material and which possibly 
originate from the grinding process are dissolved up and the 
edges of the flakes or plates are rounded. In addition, the 

10 process claimed provides that extremely homogenous oxide 
layers of uniform thickness are deposited, so that the metal 
shine is retained. 

The pigments according to the invention therefore com- 
prise an aluminium core or a core of an aluminium alloy and 

15 a coating of hydrated aluminium oxide which is formed in 
accordance with the foregoing reaction equation. In the case 
of aluminium alloys the hydrated oxide layer contains 
corresponding proportions of hydrated oxides of the alloy 
constituents. 

20 The colour of the pigments according to the invention 
becomes more intensive and darker, with an increasing 
degree of oxidation. It can be adjusted by varying the 
process parameters, in particular temperature and the 
amounts of water and base. The conditions which are 

25 respectively suitable for achieving a given colour shade can 
be easily ascertained by means of routine tests which afford 
information in that respect. 

In comparison with their starting pigments, the oxidised 
products, in terms of limit grain sifting in accordance with 

30 German Standard DIN 53196 or ASTM 11, when using the 
same sifting mesh widths exhibit the same residue values, or 
up to a maximum of 2% higher residue values, than the 
corresponding starting materials. In comparison, the 
agglomerated oxidised products produced in accordance 

35 with the method of Virin with a greater excess of water have 
sifting residues of the order of magnitude of one to two tens 
percent more (see Tables 1 and 3). 

In accordance with the process according to the invention, 
flake-like aluminium pigments are oxidised without previ- 

40 ous degreasing in a mixture comprising one or more water- 
miscible solvents, water and possibly a suitable base at a 
pH-value of from 7 to 12, wherein the proportion of water 
in the solvent mixture, relative to the mixture, is from 3 to 
60% by weight, preferably from 5 to 35% by weight. The 

45 amount of water relative to aluminium however is only from 
10 to 120% by weight, preferably from 15 to 55% by weight. 
The latter value is crucial for the process according to the 
invention. More specifically, if the amount of water relative 
to aluminium is below 10% by weight, no or only very weak 

50 oxidation takes place. If it is above 120% by weight, 
agglomerated products are obtained. 

The starting pigments used can be all aluminium pigments 
which are suitable for the area of decorative coatings and 
preparations. Non-leafing-pigments are preferably used as, 

55 in comparison with leafing-pigments of the same particle 
size distribution, they give shinier, more intensively 
coloured products. The starting pigments are preferably 
produced from aluminium of a minimum unit of 99.5% by 
weight. The starting pigments can be used both in the form 

60 of a paste and also in the form of metal powder, wherein the 
commercially available pastes mostly contain 65% by 
weight pigment proportion and 35% by weight solvent 
proportion, generally hydrocarbons. 

The colour shade of the oxidised aluminium pigment 

65 according to the invention practically does not depend on the 
alloying constituents in the starting pigment, if the propor- 
tion thereof is less than 5% by weight with respect to the 
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starting pigment. The above-mentioned colour range of from In comparison, the pigments according to 
light-gold to bronze is essentially always achieved. Alu- have excellent mechanical resistance, without the above- 
minium alloy pigments with foreign metal proportions of mentioned disadvantages. This is to be attributed to the lack 
more than 5% by weight with respect to the starting pigment of agglomerated fine component, and in particular is to be 
however give other colour shades such as for example 5 attr i DUted t0 tne f act that the pigment flakes or plates 
yellowish, greenish, reddish and red-brownish gold shades accordin t0 me invention comprise a metal core which is 
to dark-brown and black. Smtable foreign metak are for both sides with nomoge nous oxide layers of 
example iron, manganese, copper, vanadium, chromium, & j . 
nickel, cobalt! silicon, magnesium, zinc or titanium. uniform thickness. A necessary condition for the stiffening 

In particular alcohols, glycols and alcohols which are effect is for the oxide layers to be of a certain thickness, 

liquid at room temperature such as preferably ethanol, expressed by the metal content of the pigments of not more 

n-propanol, i-propanol, n-butanol, i-butanol, than 90%, preferably not more than 85%. 

methoxypropanol, acetone or butylglycol are suitable as A su j taD i e test method for the mechanical strength of 

water-miscible solvents. It is possible to use a solvent alone pigments m a coating composition is the "Waring-Blender- 

or a mixture. If technical solvents which contain noticeable apparatus from the company Waring 

amountsofwaterareused they are possibly to be taken mto 15 g g PP P & 

consideration when calculating the composition for the *- 1>cw n<ullu J u > 7? ' , v , . , , . , , 

oxidation step composition is subjected to a very high mechanical loading 

The starting pigments are dispersed in the above-defined in the Waring-Blender and then, by means of an application, 
solvent-water mixture. The pH-value is possibly adjusted compared visually or by a calorimetric procedure with 
with suitable bases such as aliphatic or aromatic amines, 20 unloaded material (see test method 2 hereinafter). Colori- 
ethanolamines or inorganic bases such as triethylamine, metric assessment involves determining the maximum 
n-butylamine, i-butylamine, dimethanolamine, deviation DE with a goniospectralphotometer. While con- 
diethylamine, ethanol, pyridine or sodium acetate to a value ventional aluminium pigments have DE-values of over ±10 
of 7 to 12, and the mixture is agitated at a temperature m the measurement angle range of 20 to 110°, the DE-values 
between ambient temperature and the boiling point of the 25 for C ommerciaUy available ring conduit-stable special pig- 
solvent mixture, preferably at 50 to 100° C. ments are ±2 t0 +5 pigments according to the invention 

The progress of the reaction can be followed by means of Ue _ in the case of moderate ly oxidised products correspond- 

the production of hydrogen, and is as follows: an induction mg tQ metal contents 0 f about 65 to 85% by weight, in the 

phase, with or without a very slight production of hydrogen, range of ±5 D E-units. More strongly oxidised pigments 

is followed by a phase with rapidly increasing, more or less 30 according t0 the invention, corresponding to metal contents 

stormy production of hydrogen. Finally, with increasing Q f below 65% by weight, achieve DE-values of below ±0.5. 

oxide layer thickness on the pigments, there follows a phase oxide > me chemic£d 

in which the generation of hydrogen decreases and finally f pigm ents according to ftc invention, in 

comes to a halt. The reaction is carried out m accordance . - on tQ water S - n a s coati 

with the process of the invention until the production of 35 P ompositions> ^ often not sufficien , ^ usua i ^ 

hydrogen is concluded processes for the chemical stabilisation of conventional 

The colour scale which can be achieved can be defined by ■ ts (see R Besold> w . Reisserj E . Roth , 

means of colour measurements using test method 1 defined Farbe+Lack ^ 91 97> 311) however can be readily applied, 

below, on covering-sprayed metallic two-layer lacquer ' ^ inhibi . 

miN^M^ 'he standardised CIE-Lab colour chamber 40 ^ ^ ^ inorganic S or orga nic protective 

(DIN 5033)^ Measurement is effected with a ^ ^ & ^ chemical 

gomospectralphotometer, at a measurement angle of 25 . ' . .' h ta ; nP H 

The colour shades which are of attraction from the colour- stamuiy ooiainea 

istic point of view have at C*-values between about 2 and 20 The pigments can be used outstandingly as special-effect 

L*- and H* -colour co-ordinates which are related in this 45 pigments in all their areas of use. 

range with C* approximately in accordance with the for- Particularly advantageous is the use thereof as a base 

mulae L*=116-(1.7 C*) and H*=113-(1.9 C*) (See FIG. 1). material for additional colouring with inorganic or organic 

The pigments according to the invention have L* -values in colour pigments, for example in accordance with PCT/ 

the range of from about 90 to about 115, C*-values in the US90/05236 or U.S. Pat. No. 5,037,475 and in particular in 

range of from about 1 to about 15 and H*-values of from 50 accordance with DE 1 95 01 307.7. By superimposing the 

about 85 to about 108, while the non-oxidised starting colour of the oxidised aluminium pigments with the colour 

pigments have much higher H*-values of over 180 (See of the pigments additionally applied to the pigment surfaces, 

Table 3). that gives pigments with new colour effects and a level of 

In many areas of use, for example metallic lacquers and colour intensity which cannot be obtained by colouring 

paints for the automobile industry, the aluminium pigments 55 conventional aluminium pigments with colour pigments, 

are exposed to high shearing forces when being processed. The invention will be described in greater detail herein- 

That results in an impairment of the optical pigment prop- a ft er by reference to Examples, 
erties by post-dispersion of agglomerated fine components, 

to the extent of mechanical damage to the pigment particles. TEST METHODS 

For particular mechanical loadings therefore mechanically 60 

more stable special pigments have been developed. They Test Method 1 
involve very thick aluminium pigments without fine com- ■op- 
ponents. Admittedly, those pigments are relatively stable in Colonmetnc Testing 

relation to mechanical loadings, but they suffer from serious Colorimetric testing is performed with a measurement 
disadvantages such as an increased tendency to settlement in 65 angle of 25° with the goniospectralphotometer Multiflash M 
liquid media, low covering capability and poor pigment 45 of Optronik GmbH of Berlin, on the following covering- 
orientation upon application. sprayed two-layer metallic lacquerings or paints. 
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EXAMPLES 



a) Base lacquer 



Heat-hardenable, oil-free polyester resin 


70 g 


(Alflalat AN 950; 79% in xylyol, Hoechst) 






251 g 


(18% in bulanol, Krahn) 




Butylurethane-formaldehyde resin 


11.5 g 


(Uresin B, Hoechst) 




Non-plasticised highly reactive melamine 


21.5 g 


formaldehyde resin (Maprenal MF 590/55% 




Lff.; Hoechst) 




Highly dispersed, amorphous silicon dioxide 


4.0 g 


(Aerosil 200, Degussa) 




Butylglycol 


23 g 


Butylacetate/xylol 1:1 


27 g 



16.2 g of the aluminium powders to be tested is made into 
a paste with 54 g of xylol and dispersed with the base 
lacquer. The test lacquer obtained in that way is adjusted 
with xylol/butylacetate/butylglycol 1:2:7 to the processing 
viscosity of 15 s (discharge beaker in accordance with DIN 
4 mm). The lacquer is exposed to the air for 15 minutes at 
ambient temperature and then the clear lacquer is applied. 



b) Clear lacquer: 

Standocryl 2K-clear lacquer 40 g 

(Mixture of synthetic resins, Herberts) 

2K hardener short 20 g 

(mixture of synthetic resins, Herberts) 

2K diluent long 11012 10 g 30 

(mixture of n-butylacetate and 2-mefhoxy-l- 
methylethylacetate, 2-methoxypropylacetate, Herberts) 



The viscosity is set to 20 s/DIN 4mm at 20° C. The 
lacquer is exposed to air for 15 minutes at ambient tern- 35 
perature and then stoved at 130° C. Dry film layer thick- 
nesses: base lacquer about 18 fxm, clear lacquer about 40 /an. 

Test Method 2 

Mechanical Stability 40 

400 g of the aluminium-pigmented base lacquer described 
under the heading "Colorimetric testing" is introduced into 
the Waring-Blender (from the company Waring, New 
Hartford, USA) and loaded with water cooling for a period 
of 8 minutes at the stage "high" and then subjected to 45 
calorimetric comparison with corresponding unloaded 
material, as described under Test method 1, by means of 
coveringly sprayed 2-layer metallic lacquers or paints. 

Test Method 3 50 
Content of Metallic Aluminium in Aluminium Pigments 

A sample of the aluminium pigment is dissolved in 15% 
aqueous caustic soda solution. The resulting hydrogen is 
caught in a gas burette and serves for gas-volumetric cal- 5J 
culation of the metal content. 

Test Method 4 
Metal Effect (ME) and Image Sharpness (DOI) 

These values are determined on the coveringly sprayed 60 
two-layer metallic paints described in Test method 1. The 
metal effect ME is measured with the Zeiss goniophotometer 
GP 3 (illumination angle 45°, measurement angle 45° or 7° 
difference in relation to shine), wherein ME=reflectance at 
7°/reflectance at 45°100. Image sharpness (DOI) is mea- 65 
sured with the Dorigon D 47 R 6 F from the company 
Hunter. 



Comparative Examples 1 to 4 

In Comparative Examples 1 and 2 in each case 5 g of 
leafing aluminium powder (surface area 12000 cm 2 /g, sieve 
residue>71 fan 12%, 3.2% stearic acid) is firstly degreased 
with acetone to a residual content of 0.8% and then heated 
with 100 g of water/ethanol mixtures (water contents, see 
Table 1), with reflux, until the conclusion of the production 
of hydrogen. The products are sucked away by way of a B 
iichner funnel and respectively dried at 100° C. in a vacuum. 

In Comparative Examples 3 and 4, in each case, using the 
same procedure, 20 g of a non-leafing aluminium pigment 
(Stapa Metallux 8154, sieve residue>25 /um<0.1%, Eckart- 
Werke) is oxidised without previous degreasing in boiling 
ethanol-water mixtures (water contents, see Table 1), sucked 
away and dried at 90° C. in a vacuum. 

In all cases, matt, heavily agglomerated products of a grey 
colour are obtained. 

The further properties of the products are summarised in 
Table 1. 

Examples 1 to 3 

50 g of aluminium pigment Stapa Metallux 8154 (Eckart- 
Werke) is dispersed in a solvent (nature and weighed-in 
portion, see Table 2). Then water and possibly a base (nature 
and weighed-in portions, see Table 2) are added and the 
mixture is heated to the boiling point thereof. After the 
production of hydrogen is concluded, the mixture is left to 
cool down to ambient temperature, it is stirred for a further 
17 hours, the product is separated off by filtration and dried 
at 90° C. in a vacuum. The properties of the products are set 
forth in Table 3. 

Examples 4 to 6 

50 g of aluminium pigment Stapa Metallux 2154 (sieve 
residue>25 ,am<0.5%, Eckart-Werke) is oxidised in accor- 
dance with the process from Examples 1 to 3. The results are 
shown in Table 3. 

Examples 7 and 8 

50 g of aluminium pigment Stapa Metallux 212 (sieve 
residue>63 ,«m<0.2%, Eckart-Werke) is oxidised in accor- 
dance with the process from Examples 1 to 3. The results are 
shown in Table 3. 

Example 9 

50 g of aluminium pigment Stapa Metallux 2196 (sieve 
residue>25 /an<0.05%, Eckart-Werke) is oxidised in accor- 
dance with the process from Examples 1 to 3. The results are 
set out in Table 3. 

Example 10 

50 g of the leafing aluminium pigment described in 
comparative Examples 1 and 2 are oxidised in accordance 
with the process from Examples 1 to 3. The results are 
shown in Table 3. 

Examples 11 to 13 
10 g of an aluminium alloy pigment (nature of the alloy, 
see Table 4) is dispersed in 30 ml of isopropanol. 4 g of 
water and 0.12 g of ethylene diamine are added and the 
mixture is then stirred for a period of 6 hours at 80° C. After 



5,964,936 

9 10 

a further 17 hours of stirring at ambient temperature, the 
product is separated off by filtration and dried at 90° C. in 
a vacuum. The colours of the oxidised products are shown 
in Table 4. 



TABLE 1 



Oxidation of aluminium pigments. Comparative Examples 1-4 

Water [g]/ Sieve residue Metal 

Comparative Water aluminium [g] >25 /an >71 /an content Colour 
Examples [g] [%] [%] [%] [%] visual Comments 

1 35 700 — 70 51 grey heavily 

agglomerated 

2 20 400 — 45 64 giey-brown heavily 

agglomerated 

3 35 700 >99 — 17 grey heavily 

agglomerated 

4 20 400 >99 — 36 grey-brown heavily 

agglomerated 



TABLE 2 



2-propanol 
2-propanol 
2-propanol 
2-propanol 



ethylenediamine 
ethylenediamine 
ethylenediamine 



45 



TABLE 3 



Product properties: Examples 1-10 
Metallic Sieve residue Mechanical stability Colorimetry 25° 



aluminium >25 /an >63 /an >71 /im Waring blender test TdE'l Colour Kind of light D65/10 DOI- ME- 



Examples [%] 


[«] 


[*] 


[%] 


25° 


45" 


70° 




L* 


C* 


H* 






Starting 97 


0.1 






5.4 


8.7 


9.1 






1.3 


225.0 


71 


290 


material 

1 56 








0.4 


0.3 






96.2 


11.3 


90.7 




357 




0.6 








0.7 






105.2 


4.7 


104.0 


56 




3 58 


1.5 






0.2 


0.2 


0.1 


light gold 


106.3 


6.7 


103.8 




289 




0.5 






9.6 


7.0 


10.3 




107.3 


1.2 


219.9 


72 


430 


material 

4 55 








0.3 


0.3 


0.2 




98.9 


8.8 


95.8 


75 


567 


5 57 


0.3 








1.7 


0.6 




93.7 


11.4 


89.4 


68 


500 


6 62 


1.0 






0.4 


0.8 


0.4 


dark gold 


90.3 


13.9 


85.7 




520 


Starting 99 




0.2 






16.7 


21.9 




110.2 




185.4 




810 
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S 




Product properties: Examples 1-10 
ue Mechanical stability 


Colorimetry 25° 










>71 urn Waring blender test TdE'l Colour 


Kind of light D65/10 DOI- 


ME- 


Examples [%] 


[%] 


[%] 


[%] 25° 45° 70° visual 


L* C* H* value 




Starting 96 


0.5 


1.0 


— 3.3 1.6 1.0 dark gold 

— 2.0 8.3 6.4 nickel 

— 2.3 1.0 2.2 silver 


113.1 2.4 107.3 40 
105.9 1.7 232.4 89 


930 
1320 
175 


9 27 
Starting 96 


0.5 


_ 


— 0.1 0.1 0 nickel 
12 15.2 9.0 15.8 silver 


106.1 4.9 104.0 66 
107.7 1.1 211.5 40 


100 


material 
10 70 






12 1.6 2.7 3.2 bronze 


98.9 8.8 95.8 40 
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TABLE 4 



Oxidation of aluminium alloy pigments 
Example Alloy Colour after oxidation 

11 A1/5Y gold 

12 Al/20 Ni/12.5 Si/9.5 Cu/ black 
0.6 Fe/0.75 Mn 

13 Al/2 Si/2.2 Fe/0.6 Cu/ brown-gold with pink gleam 
1.2 Mn/3 Mg/0.5 Cr/Zn/0.3 Ti 



I claim: 

1. An oxidized aluminum pigment, having a content of 
metallic aluminum of not more than 90% by weight with 
respect to total weight, wherein the pigment is colored, 
shiny, non-agglomerated, has a flaked particle configuration 35 
and, contains a substantially homogeneous oxide layer of a 
substantially uniform thickness. 

2. A pigment according to claim 1, wherein the oxidised 
aluminium pigment is an oxidised aluminium alloy pigment. 

3. A pigment according to claim 1, wherein the pigment 40 
has a metal effect of at least 100. 

4. A pigment according to claim 3, wherein the metal 
effect is at least 300. 

5. A pigment according to claim 1, wherein the pigment 

is of a colour in the range of nickel, light-gold, gold, 45 
dark-gold, to bronze. 

6. A pigment according to claim 1, which comprises an 
aluminum alloy which contains at least one non-aluminum 
metal in an amount of more than 5% by weight of the 
aluminum alloy. 50 

7. A pigment according to claim 6, wherein the non- 
aluminum metal is selected from the group consisting of 
iron, manganese, copper, vanadium, chromium, nickel, 
cobalt, silicon, magnesium, zinc, and titanium. 

8. A pigment according to claim 1, which is chemically 55 
stabilised. 

9. A pigment according to claim 8, which is stabilised by 
encapsulation with a protective layer. 

10. A pigment according to claim 9, which is stabilized 
with a corrosion inhibitor. 60 

11. A special-effect pigment comprising an oxidized alu- 
minum pigment as described in claim 1. 

12. A base pigment for coating with a color pigment- 
bearing metal oxide layer comprising an oxidized aluminum 
pigment as described in claim 1. 65 

13. A process for the production an oxidized aluminum 
pigment, comprising: 



oxidizing an aluminum pigment having a flaked particle 
configuration at a pH of between 7 and 12 in a mixture 
of water and at least one water-miscible solvent, 
wherein the proportion of water in the mixture is 
between 3% and 60% by weight with respect to the 
mixture, and wherein the amount of water in the 
mixture is between 10 and 120% by weight with 
respect to the metal, 

thereby providing an oxidized aluminum pigment having 
a content of metallic aluminum of not more than 90% 
by weight with respect to the total weight of the 
pigment. 

14. A process according to claim 13, wherein the alu- 
minium pigment is an aluminium alloy pigment. 

15. A process according to claim 13, wherein the amount 
of water in the mixture relative to the aluminium pigment is 
between 15 and 55% by weight. 

16. A process according to claim 13, wherein the alu- 
minium pigment is produced from aluminium of a minimum 
unit of 99.5% by weight. 

17. A process according to claim 13, wherein the water- 
miscible solvent is selected from the group consisting of 
alcohols, glycols, and ketones which are liquid at ambient 
temperature. 

18. A process according to claim 17, wherein the water- 
miscible solvent is selected from the group consisting of 
ethanol, n-propanol, i-propanol, n-butanol, i-butanol, 
methoxypropanol, acetone, and butylglycol. 

19. A process according to claim 13, wherein said oxi- 
dizing process takes place at a temperature range between 
ambient temperature and the boiling point of the mixture of 
water and solvent. 

20. A process according to claim 13, further comprising 
adjusting the pH of the mixture with a base. 

21. A process according to claim 20, wherein the base is 
selected from the group consisting of triethylamine, 
n-butylamine, dimethylethanolamine, diethylamine, 
pyridine, and sodium acetate. 

22. A process according to claim 13, wherein said oxi- 
dizing process takes place at a temperature ranging between 
50° C. and 100° C. 
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23. An oxidized aluminum pigment, having a content of 
metallic aluminum of not more than 90% by weight with 
respect to the total weight, wherein the pigment is shiny and 
non-agglomerated, has a flaked particle configuration, con- 
tains a substantially homogeneous oxide layer of a substan- 
tially uniform thickness, and is of a color in the range from 
nickel, light-gold, gold, dark-gold, to bronze. 

24. A pigment according to claim 23, wherein the oxi- 
dized aluminum pigment is an oxidized aluminum alloy 
pigment. 

25. The pigment according to claim 23, wherein the 
pigment has a metal effect of at least 100. 
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26. A pigment according to claim 25, wherein the metal 
effect is at least 300. 

27. A pigment according to claim 23, which comprises an 
aluminum alloy containing at least one non-aluminum metal 
in an amount of more than 5% by weight of the aluminum 
alloy. 

28. A pigment according to claim 27, wherein the non- 
aluminum metal is selected from the group consisting of 
iron, manganese, copper, vanadium, chromium, nickel, 

) cobalt, silicon, magnesium, zinc, and titanium. 
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